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(57) Pin setting data for defining initial states of ex- 
ternal pins of a programmable logic device (PLD) is 
transferred to the PLD to set all the external pins before 
logic setting data for the PLD is transferred from mem- 
ory, thereby preventing an unstable state of the PLD 
from propagating to logic circuits adjacent to the PLD. 
The logic setting data is divided into minimum logic set- 
ting data for defining functions required for a stable op- 
eration of a system and full logic setting data for defining 
all functions of the PLD, including functions other than 
the functions required for a stable operation of the sys- 
tem, and the former is transferred before the latter to 
reduce a period in which the PLD is unstable during the 
startup of the system, thereby avoiding instability during 
the system startup when the PLD is incorporated into 
an existing system. 
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Description 

TECHNICAL FIELD 

[0001 1 The present invention relates to a programma- 
ble logic device (PLD) and a programming method 
thereof. 

BACKGROUND ART 

[0002] Today, PLDs of which the circuit configuration 
can be programmed at will are widely used. Program 
data is stored in a memory area within the PLD or ex- 
ternal memory. The program data is transferred to an 
internal logic circuit to provide function settings of the 
PLD when the PLD is powered up or reset. 
[0003] An example of the PLD is described in US pat- 
ent No. 4,870,302 in which configuration of its internal 
logic circuits (including wiring) can be programmed at 
will. 

[0004] The first state of a prior-art PLD is the initial 
state during power-up, the second state is a program 
data transfer state, and the third state is a steady state. 
The states of the external pins and internal circuit of the 
PLD are unstable until the second state (transfer state) 
is finished. The states of the external pins and internal 
logic circuit do not become stable until the PLD enters 
a steady state after all program data is transferred to it. 
[0005] The larger the size of the PLD circuit, the long- 
er the period of the second state (transfer state) and 
therefore the longer a period during which the states of 
the external pins and internal logic circuit are unstable. 
In the prior art, the unstable state propagates to logic 
circuits adjacent to the PLD, decreasing the stability of 
the entire system. Especially in a configuration in which 
the PLD is connected to a bus within an electronic circuit 
system such as a personal computer, the entire system 
can be initialized only after the state of the PLD becomes 
stable during the startup of the system. Therefore it is 
difficult to connect the PLD to the bus in the system that 
has an existing, predefined startup sequence. 
[0006] To avoid the above-described unstable state, 
a transceiver may be provided between the PLD and a 
logic circuit to prohibit the propagation of the unstable 
state. However, this approach has problems that con- 
nection delay time increases as the number of compo- 
nents increases, and the logic circuit cannot reference 
the state of the PLD until the state of the PLD becomes 
stable. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention has been made in the 
light of the above-described problems and it is an object 
of the present invention to reduce the period of time in 
which the state of a PLD is unstable after system startup. 
[0008] To solve the problems, according to the 
present invention, program data is divided into a pin set- 



ting data block for defining an initial state of each of a 
plurality of external pins and a logic setting data block 
for defining functions of internal logic circuits, and a PLD 
receives the pin setting data block before the logic set- 

5 ting data block. This allows the states of the external 
pins to become stable earlier during system startup. 
[0009] According to the present invention, the PLD re- 
ceives a minimum logic setting data block for defining 
functions (functions required for a stable operation of 

io the system) of some of its internal logic circuits required 
for system startup before receiving a full logic setting 
data block for defining functions of all of its internal logic 
circuits. This allows logic circuits adjacent to the PLD to 
reference the state of the PLD earlier during system 

f5 startup. 

BRIEF DESCRIPTION OF DRAWINGS 
[0010] 

20 

Fig. 1 is a block diagram showing an exemplary 
configuration of a system using a PLD according to 
the present invention; 

Fig. 2 is a block diagram showing an exemplary in- 
25 ternal configuration of the PLD shown in Fig. 1 ; 

Fig. 3 is a block diagram showing an exemplary in- 
ternal configuration of a logic array shown in Fig. 2; 
Fig. 4 is a conceptual diagram showing an example 
of data stored in a memory circuit shown in Fig. 1 ; 
30 and 

Fig. 5 is a flowchart of a state transition during sys- 
tem startup shown in Fig. 1 . 

BEST MODE FOR EMBODYING THE INVENTION 

35 

[0011] Fig. 1 shows an exemplary configuration of a 
system using a PLD according to the present invention. 
The system in Fig. 1 includes a PLD 1 0, a memory circuit 
11 , and a logic circuit 12, each of which receives power 
supply voltages Vdd and Vss and a reset (RST) signal. 
The RST signal stays active (high) for a predetermined 
period of time during the power-up of the system. The 
memory circuit 11 contains (for example 1 megabit of) 
rewritable, nonvolatile memory for storing program data 

45 to be programmed in the PLD 10, aclock generator, and 
a unit forstate control and provides a clock (CLK) signal, 
a control (CTL) signal, and a data (DT) signal to the PLD 
1 0. The PLD 1 0 receives the DT signal representing the 
program data in synchronization with the CLK signal 

50 while the CTL signal remains active (low). The logic cir- 
cuit 12, which includes a microprocessor for example, 
accomplishes a predetermined system function in coop- 
eration with the programmed PLD 1 0. 
[0012] Fig. 2 shows an exemplary internal configura- 

55 tion of the PLD 1 0 shown in Fig. 1 . While the PLD 1 0 in 
practice contains a large number of logic arrays (pro- 
grammable internal logic circuit units), only first and sec- 
ond logic arrays 20, 30 are shown in Fig. 2 for simplicity. 
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While the PLD 10 has a large number of external pins 
(for example 240 pins) for connecting the PLD 1 0 with 
the logic circuit 12, only two external pins 24, 34 are 
shown in Fig. 2 for simplicity. The first logic array 20 is 
connected to the external pin 24 through an external pin 
control circuit 21 containing a selector 22 and through 
an I/O pad 23. The second logic array 30 is connected 
to the external pin 34 through an external pin control 
circuit 31 containing a selector 32 and through an I/O 
pad 33. The selector 22 selectively communicates a 
fixed high or low level during system startup and even- 
tually communicates an output from the first logic array 
20 to the I/O pad 23 if the external pin 24 is used as an 
output pin. The selector 32 selectively communicates a 
f ixed high or low level during system startup and even- 
tually communicates an output from the second logic ar- 
ray 30 to the I/O pad 33 if the external pin 34 is used as 
an output pin. The logic arrays 20, 30 exchange data 
with each other over a main bus 40. The PLD 1 0 shown 
in Fig. 2 further includes a PLD control circuit 41 receiv- 
ing the CLK signal, CTL signal, and DT signal provided 
from the memory circuit 11 . The PLD control circuit 41 
receives the DT signal in synchronization with the CLK 
signal while the CTL signal stays active (low), and pro- 
vides program data to the first and second logic arrays 
20, 30 and the external pin control circuits 21 , 31 . Inter- 
nal circuits in the PLD 10 are initialized by a high RST 
signal. 

[0013] Fig. 3 shows an exemplary internal configura- 
tion of the first logic array 20 shown in Fig. 2. The logic 
array 20 includes a large number of logic units 50. Each 
logic unit 50 comprises a programmable logic element 
51 and a selector 52. A first input of the selector 52 com- 
municates an output from the logic element 51 in the 
logic unit 50 to the main bus 40 and a second input of 
the selector 52 is connected to a bypass line 53 for com- 
municating an output from the adjacent logic unit directly 
to the main bus 40. The logic array 20 also has a selector 
(not shown) for providing a bypass route for transmitting 
information received from the main bus 40. The second 
logic array 30 in Fig. 20 also has a similar bypass route. 
[001 4] Fig. 4 shows an example of data stored in the 
memory circuit 11 shown in Fig. 1. As shown in Fig. 4, 
the program data is divided into a pin setting data block 

60 for defining the initial state of the external pins 24, 
34, a minimum logic setting data block 61 for defining 
functions of one or more of the internal logic circuits (the 
first logic array 20) required during system startup, and 
a full logic setting data block 62 for defining functions of 
all the internal logic circuits (the first and second logic 
arrays 20, 30), in ascending order of address. The pro- 
gram data stored in the minimum logic setting data block 

61 is prepared in such a way that the functions of PLD 
10 that are required during system startup can be pro- 
vided through the use of the first'togic array 20 alone 
without the use of the second logic array 30. 

[0015] Fig. 5 shows a state transition during startup 
of the system shown in Fig. 1. The first state S1 is the 



initial state, the second state S2 is a state in which the 
pin setting data block 60 is transfened, the third sate S3 
is a sate in which the minimum logic setting data block 
61 is transferred, the fourth state S4 is a first steady 

5 state after the functions required for system startup is 
programmed in the PLD 10, the fifth state S5 is a state 
in which the full logic setting data block 62 is transferred, 
and the sixth state S6 Is a second steady state after all 
the functions of the PLD 10 are programmed in the PLD 

w 1 0. Each of the states will be described below in the or- 
der of occurrence. 

[0016] During the system in Fig. 1 is powered up, that 
is, the system is started up, the RST signal remains ac- 
tive (high) for a predetermined period of time. The mem- 

15 ory circuit 1 1 starts to provide the CLK signal in response 
to the power-up, and hold the CTL signal inactive (high) 
in response to the high RST signal. This state is the first 
state S1, that is, the initial state. In the PLD 10, all se- 
lectors 52 of each of the first and second logic arrays 20 

20 and 30 select the bypass line 53 in response to the high 
RST signal. Therefore, all the logic elements 51 are dis- 
connected from the main bus 40. The external pin con- 
trol circuits 21,31 set the attribute of all the external pins 
24, 34 as an "Input" pin and cause all the selectors 22, 

25 32 to select the fixed low input. Alternatively, they may 
cause all the selectors 22, 32 to select the fixed high 
input. 

[0017] When the RST signal becomes inactive (low), 
the memory circuit 11 changes the CTL signal to active 

30 (low) and continues providing the CLK signal while se- 
quentially providing a DT signal concerning the pin set- 
ting data block 60 to the PLD 10 In synchronization with 
the CLK signal. This is the second state S2. in the PLD 
10, the PLD control circuit 41 receives the DT signal in 

35 synchronization with the CLK signal while monitoring 
the low CTL signal and provides pin setting data to the 
external pin control circuits 21 , 31 . The pin setting data 
is a set of pin attribute and pin value of each pin. This 
decides the state of all the external pins 24, 34. In par- 

40 ticular, the logical level of an external pin of which the 
attribute is set as an "output" pin is settled at a prede- 
termined pin value (high or low selected by the selector 
22 or 32). Therefore, even if both of the first and second 
logic arrays 20, 30 are in an unstable (undefined) state, 

45 the unstable state does not propagate to the logic circuit 
12. 

[0018] After the states of all the external pins 24 t 34 
are set, the third state S3 is entered. In the third state 
S3, the memory circuit 11 sequentially provides a DT 

so signal concerning the minimum logic setting data block 
61 to the PLD 1 0 in synchronization with the-CLK signal 
while holding the CTL signal active (low). In the PLD 1 0, 
the PLD control circuit 41 receives the DT signal in syn- 
chronization with the CLK signal while monitoring the 

55 low CTL signal, and provides the minimum logic setting 
data to the first logic array 20. This decides the circuit 
configuration of the first logic array 20 for providing func- 
tions required for system startup (functions required for 
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a stable operation of the system). However, the state of 
the second logic array 30 is still unstable. 
[001 9] After the transfer of the minimum logic setting 
data block 61 is completed; the memory circuit 11 first 
forces the CTL signal back to inactive (high). This state 
is the fourth state S4 : that is, the first steady state. The 
first logic array 20, of which the functions have been al- 
ready defined, can access the external pin 34 over a 
bypass route in the second logic array 30. The logic cir- 
cuit 12 shown in Fig. t can receive information from the 
PLD 1 0 in the first steady state through the external pins 
24, 34. Therefore, the logic circuit 12 can be initialized 
according to the state of the PLD 1 0. 
[0020] When a stage in which the system uses all the 
functions of the PLD 1 0 is reached, the memory circuit 
11 forces the CTL signal back to active (low), then se- 
quentially provides to the PLD 10 a DT signal concern- 
ing the full logic setting data block 62 in synchronization 
with the CLK signal. This state is the fifth state S5. In 
the PLD 10, the PLD control circuit 41 receives the DT 
signal in synchronization with the CLK signal while mon- 
itoring the low CTL signal, and provides the full logical 
setting data to the first and second logic arrays 20, 30. 
This decides the final circuit configuration of the first and 
second logic arrays 20, 30. 

[0021] After the completion of the transfer of the full 
logic setting data block 62, the memory circuit 11 forces 
the CTL signal back to- inactive (high). This is the sixth 
state S6, that is, the second steady state. Then, the logic 
circuit 1 2 and the programmed PLD 1 0 cooperate to ac- 
complish predetermined system functions. 
[0022] As described above, the transfer of the pin set- 
ting data block 60 is completed in the earlier, second 
state S2 in the system including the PLD 10 of the 
present invention, therefore a time period in which the 
PLD 10 is unstable during system startup is reduced. In 
addition, the transfer of the minimum logic setting data 
block 61 preceding the transfer of the full logic setting 
data block 62 is completed in the third state S3, there- 
fore the logic circuit 12 can reference the state of the 
PLD 10 in an early stage during system startup. The 
amount of data in the pin setting data block 60 may vary 
depending on the number of external pins of the PLD 
1 0 and the amount of data in the minimum logic setting 
data block 61 may vary depending on the size of the 
internal logic circuit and system specifications of the 
PLD 10. 

INDUSTRIAL APPLICABILITY 

[0023] According to the present invention, the PLD re- 
ceives the pin setting data block before receiving the 
logic setting data block, thereby reducing a period in 
which the state of the PLD is unstable during system 
startup. 

[0024] According to the present invention, the PLD re- 
ceives the minimum logic setting data block before re- 
ceiving the full logic setting data block, therefore logic 



circuits adjacent to the PLD can reference the state of 
the PLD in an early stage during system startup, in par- 
ticular, a device recognition system can references the 
state of the PLD in an early stage in a configuration in 
5 which the PLD is connected onto a bus within an elec- 
tronic circuit system such as a personal computer. 



Claims 

10 

1. A method for programming a programmable logic 
device (PLD), comprising the steps of : 

transferring a pin setting data block for defining 
is an initial state of each of a plurality of external 

pins of said PLD to said PLD; and 
transferring a logic setting data block for defin- 
ing functions of an internal logic circuit of said 
PLD to said PLD after the completion of the 
20 transfer of said pin setting data block. 

2. A method for programming a programmable logic 
device (PLD), comprising the steps of: 

25 transferring to said PLD a minimum logic set- 

ting data block for defining functions of one or 
more of internal logic circuits of said PLD. said 
one or more of internal logic circuits being re- 
quired in starting up a system containing said 

30 PLD; and 

transferring to said PLD a full logic setting data 
block for defining functions of all the internal 
logic circuits of said PLD after the completion 
of the transfer of said minimum logic setting da- 

35 ta block. 

3. A method for programming a programmable logic 
device (PLD), comprising the steps of: 

40 transferring a pin setting data block for defining 

an initial state of each of a plurality of external 
pins of said PLD to said PLD; 
transferring to said PLD a minimum logic set- 
ting data block for defining functions of one or 

45 more of internal logic circuits of said PLD after 

the completion of the transfer of said pin setting 
data block, said one or more of internal logic 
circuits being required in starting up a system 
containing said PLD; and 

50 transferring a full logic setting data block for de- 

fining functions of all the internal logic circuits 
of said PLD to said PLD after the completion of 
the transfer of said minimum logic setting data 
block. 

55 

4. A programmable logic device, characterized in 
that the programmable logic device receives a pin 
setting data block for defining an initial state of each 
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of a plurality of external pins before receiving a logic 
setting data block for defining functions of an inter- 
nal logic circuit. 

5. A Programmable logic device, characterized in 5 
that the programmable logic device receives a min- 
imum logic setting data block for defining functions 
of one or more of internal logic circuits before re- 
ceiving a full logic setting data block for defining 
functions of all the internal logic circuits, said one 10 
or more of internal logic circuits being required in 
system startup. 



6. A programmable logic device, characterized in 
that the programmable logic device, after receiving 
a pin setting data block for defining an initial state 
of each of a plurality of external pins, receives a min- 
imum logic setting data block for defining functions 
of one or more of internal logic circuits before re- 
ceiving a full logic setting data block for defining 
functions of all the internal logic circuits, said one 
or more of internal logic circuits being required in 
system startup. 
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